Abstract. -This is the second paper based on the 408 MHz monitoring program with the East-West arm of the Bologna interferometer. The monitoring concerned 125 radio sources measured approximately once a month for 15 years. We present the summary of the variability analysis concerning all the sample and the monitoring data, not yet published, of the variable sources.
Introduction
This paper presents the results of a 15 years monitoring program at 408 MHz to investigate the low frequency variability of extragalactic radio sources.
The observations started in 1975 with an initial sample of 50 radio sources, known or suspected to be low frequency variable and known to be variable at frequencies higher than ∼ 1 GHz. In 1977 this sample was implemented by adding: a) 19 low frequency variable sources discovered by Cotton (1976a,b) ; b) a homogenous sample of 32 small angular diameter radio sources with diameter less than 1 arcsec, selected on the basis of scintillation studies (Cohen et al. 1967; Harris & Hardebeck 1969) ; c) a homogeneous sample of 45 flat spectrum radio sources (α < 0.5 with S ∝ ν −α ) taken from Veron et al. (1974) . In 1982, 12 new objects (0106+319, 0235+164, 0300+47, 0336−019, 0415+37, 0528+134, 0727−11, 0814+42, 0851+202, 1308+32, 2121+05, and 2128+048), known to be extremely variable at higher frequencies (Aller, private communication), were added to the monitored sample. These 12 radio sources were observed only for 2.5 years. Finally, in 1984 2 radio sources at low galactic latitude (0622+14 and 0629+10) were included in the source list. The total number of monitored radio sources was 125, some sources being in common with different sub-samples.
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Observations and data reduction
The 408 MHz observations were done using the East-West arm of the Northern Cross interferometer approximately once a month till the end of 1984. Each observation consisted of runs of 4-5 days, during which each source was often observed more than once. Starting from 1985 the observations became more erratic, usually organized in runs of 2-3 days every few months, and were also suspended from the end of 1985 till 1988. The monitoring program was definitively stopped in 1990.
The telescope output consists of three independent beams, 5 arcmin apart in hour angle. Each beam has an HPBW of 4 × 100 arcmin.
The instrument stability was found to be better than 2% over a period of a few hours although it showed gain drifts of ∼ 2 − 6% over time interval of several hours. Therefore, to determine the performances of the antenna, a sample of calibration sources, spread over the entire sky, were observed every one or two hours throughout each run. Most of the calibrators are 3C sources listed within the B2 catalogue and their flux densities were redetermined every 4-5 years as the average of the previous years flux density measurements. The internal consistency of the flux densities is believed to be better than 1%.
Since it is not our intention to measure absolute flux densities of the radio sources, we only discuss the errors affecting the internal consistency of the observations in order to detect radio variability.
In Table 1 we give the list of the calibration sources with the name of the source, an alias name, the average flux density (S) in Jy, the rms scatter (σ rms ) of the flux density measurements in Jy, and the number of observations (n). The data reduction has been performed in a way which is similar to that of Paper I, with particular care given to the noise evaluation and to the gain stability of the antenna. The sample of observed calibrators, uniformly spread over the entire set of declinations and sideral time, allows the determination for each run of:
1. the trend of the antenna gains as a function of time;
this is generally known with a 2% accuracy. 2. the variation of the antenna gain with declination, which may differ from one run to another.
After the flux densities of the radio sources have been corrected for the variations of the instrumental gain, which depend on time and declination, it is possible to correctly evaluate the residual percentage error due to calibration (σ % ). At the same time, it is possible to estimate the noise error in each run (σ n ), by direct comparison of the flux densities measured by three indipendent beams. In such a way, the flux error associated with each source of flux density S can be defined as follows:
This error could be different from run to run and is a reliable indicator of the quality of the observations. The distribution of σ n and σ % are shown in Fig. 1 . The median values are 0.07 Jy and 1.4% respectively . The random changes of the dependence of the instrumental gain with the declination depend on the mechanical distorsions of the mirror, different from period to period.
Particular care was spent in the analysis of the interplanetary scintillation, which may cause flux density fluctuations as large as 100% when the line of sight to a radio source is close to the Sun. When the observed radio source was not far from the Sun and its flux density was affected by interplanetary scintillation, the percentage error applied to the flux measurements has been defined as proportional to the measured scintillation percentage (which is an upper limit for the error estimate), i.e.:
where N is the number of source measurements in the run, ∆S scin the maximum flux density variation, and S the average flux density measured in the run. In any case, to all the sources within 30
• from the Sun, we attributed a percentage error never lower than 5%, even if no flux density fluctuations were evident.
These lower quality measurements have not been used in the variability analysis. For sources at an angular distance larger than 30
• to the Sun, the flux density fluctuation due to scintillation has been estimated to be generally smaller than 5% on each beam and its effect on the flux density, averaged over several measures, is less than the calibration errors.
Results
After the set of flux densities and their errors have been obtained for each epoch, the weighted average flux for each source has been calculated using the relation:
Where S i and (σ ) i are the measured flux density and estimated error for the i-th epoch, and n is the number of valid measurements. Following the statistical analysis used in Paper I, we then calculated the chi-squared:
We considered variable the sources with a probability that the flux density variations were due to random changes p(χ 2 ) < 0.1% and possibly variable those with 2% > p(χ 2 ) > 0.1%. We did not include in either group those sources whose large χ 2 value was mainly due to one single measure not confirmed by further measurements during the same run. This procedure prevents interpreting as variability fortuitous bad results, but might cause the loss of short outbursts. The magnitude of the variability can be characterized by the rms scatter of the flux densities deconvolved by the estimated error: Figure 2 shows the distribution of the reduced χ 2 n ( χ 2 n = χ 2 /(n − 1)) for all the sources: the filled area of the histogram include the variable sources and the hatched area the probable variable sources. In Table 2 we give the essential information for each source: names, optical identification, redshift, average flux density at 408 MHz in Jy, σ var in Jy only for the variable and probable variable sources, and χ 2 n . The last four columns of Table 2 list the number of valid measures, the first and last epoch of observation (yr −1900) and a code identifying the variable (V ) and probably variable (P ) radio sources.
The χ 2 analysis is powerful in detecting those radio sources whose measurements give an rms larger than that statistically expected, but it does not tell us anything about the timescale of the variability and its temporal characteristics. A full analysis of the timescales of the variable radio sources was published in Bondi et al. (1994) .
Among the 125 radio sources of the monitoring program, 55 are found to be variable and 6 probable variable. All the sources found variable in Paper I after 5 years of monitoring remain classified as variable, while two sources, previously classified as P in Paper I, are found not variable after a longer monitoring and increased statistics. In spite of the relatively short monitoring interval (2.3 years), 10 out of the 12 sources with strong variability at higher frequency are found to be variable. This confirms that radio sources strongly variable at high frequency are the best candidates for detection of low frequency variability regardless of which mechanism is responsible for the low frequency variability.
The radio sources 0622+14 (galactic coordinates l = 197
• and b = 1 • ) and 0629+10 (galactic coordinates l = 202
• and b = 0.5 • ), added to the monitored list in 1984, are found to be not variable. Ghosh & Rao (1992) do not detect any significant variability in 0629+10 at 327 MHz. Moreover they find that the scintillation index shows a dependence on galactic latitude peaking around |b| ∼ 15
• and decreasing at low and high latitudes. This can be explained if the line of sight to the source crosses a region of very large scattering (e.g. the galactic centre). In this case, the timescale for refractive interstellar scintillation could be much longer than the observing interval of the monitoring (Spangler et al. 1989 ). Alternatively, it is possible that the simplified geometrical model used to characterize the distribution of the scattering in the Galaxy (higher scattering at low galactic latitudes and in the direction of the Galactic centre, lower scattering at increasing galactic latitudes) is not adequate. Ghosh & Rao (1992) using a distribution of the scattering material that follows the spiral arms of the Galaxy find a minimum in the predicted scintillation indeces for |b| < 5
• .
In Fig. 3 we show a few light curves which can be considered as typical of the different variability behaviours. In many cases, the flux density variations seem to occur smoothly with typical time intervals between relative minimum and maximum of about one or two years (e.g. 0333+321, 0736+017, 1611+343, and 2251+151 in Fig. 3) . Some sources show a more rapid variability with timescales of the order of a few months (e.g. 0336−019, and 1117+146 in Fig. 3 ), while others display drifts in the light curves indicative of timescales of many years (e.g. 0430+052, and 2200+420 in Fig. 3 ). Short and long timescales can be both present on the same source (e.g. 0607−157, and 1641+399 in Fig. 3 ). Finally some sources display prolonged period of inactivity (e.g. 0859−140, and 1633+382 in Fig. 3 ).
In Tables 3-63 (only available in electronic form at the CDS via anonymous ftp at 130.79.128.5), all the observational data for each individual variable or possibly variable object are given. For each source, we list the epoch of observations, the number of times the source was observed in each run (between 1 and 4), the flux density and the associated estimated error in Jy, the percentage of scintillation, and a code (−) identifying a measurement affected by interplanetary scintillation and not used in the χ 2 analysis.
Summary of the results discussed in previous papers
In this section we summarize the results obtained in various papers using the 408 MHz monitoring data. Data prior to 1984 were used in a multifrequency analysis spanning a frequency range of 0.4−14.5 GHz (Padrielli et al. 1987) . Three distinct classes of variability were identified. The first class includes sources showing variability only at low frequency (ν < ∼ 1 GHz). The second class contains sources which have both high and low frequency variability which appear unrelated, and have a minimum of activity around 1 GHz. The third class accounts for objects which show correlated variability from high to low frequency. These different characteristics are the signature of two distinct phenomena responsible for the variability. The high frequency variability and the correlated low frequency variability can be explained with the classical expanding synchrotron cloud model, possibly with relativistic bulk motions. The remaining sources show only low frequency variability, or uncorrelated high and low frequency variability. For these sources the low frequency variability might be explained as refractive interstellar scintillation.
Theoretical models of refractive interstellar scintillation were compared with the characteristics of the low frequency variability as derived from the 408 MHz monitoring in a series of papers (Spangler et al. 1989; Mantovani et al. 1990; Spangler et al. 1993; Bondi et al. 1994) . The main results of these investigations were the following.
1. In most of the cases where information on the milliarcsecond structure at low frequency are avalaible, the variability indices are consistent with those expected from a "standard model" for interstellar turbulence, i.e. turbulence with a Kolmogorov spatial power spectrum and galactic distribution as indicated by pulsar observations. 2. For a few sources, the scintillation indices are considerably greater than expected. It is possible that these large amplitude variations are caused by the same type of irregularities which produce occasional refractive phenomena in pulsar scintillations, such as interference pattern in dynamic spectra. 3. The agreement between observed and predicted variability timescales is generally poor, although there are a number of factors which plausibly could be responsible for this poor correlation. 4. A one-year modulation is found. This modulation is produced by the earth orbital motion through the scintillation pattern. A significant constrain on the propagation velocity of the interstellar turbulent irregularities is obtained (V irr < ∼ 10 km s −1 ), suggesting that he motion between the Earth and the scattering pattern is, on average, mainly determined by the motion of the Earth-Sun system with respect to the Local Standard of rest and the Earth orbital motion around the Sun.
Finally, the Doppler factors derived from multi-epoch 18 cm VLBI observations were compared with those calculated from the 408 MHz variability over the same interval (Padrielli et al. 1986; Bondi et al. 1996) . This comparison showed that for the majority of sources there is no correspondence between structural variations on the milliarcsecond scale and low frequency outbursts. In a minority of events, 408 MHz flux density variations and 18 cm VLBI structural variations are clearly related. These results reinforce the hypothesis that the low frequency variability in extragalactic radio sources is mainly due to an extrinsic mechanism affecting all compact (≤ 10 mas at 408 MHz) radio sources. As might be expected, the very compact intrinsic variables also show evidence for an extrinsic origin for some outbursts.
